ABSTRACT: Between 2007 and 2014, 83 cetaceans were found stranded along the Ligurian coast of Italy, in the Pelagos Sanctuary, the largest marine protected area in the Mediterranean basin. Forty-nine (59%) were submitted to complete or partial necropsy, depending on the conservation status of the carcass. Based on gross and histological pathology and ancillary testing, the cause of death was determined and categorized as anthropogenic or natural (i.e., nonanthropogenic) in origin for 33 animals (67%) and of undetermined origin in the remaining 16 (33%). Natural causes of death, accompanied by either poor or good nutritional status, were attributed to 29 animals (59%), whereas four (8%) were diagnosed with an anthropogenic cause of death, consisting of interaction with fishing activities. Infectious and noninfectious disease was the most common cause of death, involving 29 cetaceans (59%). These data are valuable for understanding health and mortality trends in cetacean populations and can provide information for establishing policies for cetacean conservation and management in such an important protected area of the Mediterranean basin.
INTRODUCTION
Liguria is a major commercial and a popular tourist region in northwest Italy. Its coastline stretches for 345,176 km along the Ligurian Sea, which is part of the Pelagos Sanctuary. This marine protected area extends for about 90,000 km 2 in the northwestern Mediterranean Sea, between Italy, France, and Sardinia, and encompasses Corsica and the Tuscan Archipelago. The Sanctuary hosts one of the highest concentrations of cetaceans in the Mediterranean and is home to fin whales (Balaenoptera physalus), sperm whales (Physeter macrocephalus), Cuvier's beaked whales (Ziphius cavirostris), long-finned pilot whales (Globicephala melas), Risso's dolphins (Grampus griseus), common bottlenose dolphins (Tursiops truncatus), striped dolphins (Stenella coeruleoalba), and short-beaked common dolphins (Delphinus delphis; Notarbartolo di Sciara et al. 2008) .
Several emerging and reemerging viral, bacterial, protozoan, parasitic, and fungal diseases have been described in these cetacean species. Among the infectious threats, dolphin morbillivirus (DMV) is of great concern, having caused at least four epidemics in the Mediterranean over the last 25 yr (Van Bressem et al. 2014) . Toxoplasma gondii, a protozoan that can infect a wide range of mammalian species worldwide, is commonly thought to be an opportunistic pathogen in aquatic mammals (Miller et al. 2002) and has been attributed a primary etiologic role in causing abortion, lethal systemic disease, and nonsuppurative (NS) encephalitis (Di Guardo et al. 2010; Sierra et al. 2014) . Brucella spp. recovered from sea mammals were first reported in 1994 (Ross et al. 1994) ; since then, several cases of placentitis, abortion, and encephalitis in different marine mammal species (Grattarola et al. 2016 ) have been described (Miller et al. 1999; Sierra et al. 2014) . But marine mammals are also often affected by human activities, including chemical pollution from waste discharge (urban, industrial, and agricultural) , acoustic pollution by maritime traffic, vessel collisions, and fishing activities (Arbelo et al. 2013; Moore et al. 2013) .
Examination of stranded cetaceans provides a valuable source of biological and scientific data to assess the impact of human activities on the marine environment and the effects of pathogens on animal and human health. We present the results of a systematic postmortem investigation carried out on cetaceans beached along the Ligurian coastline between 2007 and 2014. Our aim was to widen the current knowledge base of the status of cetaceans in the Pelagos Sanctuary.
MATERIALS AND METHODS
According to the Italian National Database on Cetacean Strandings (2015), 83 cetaceans were found stranded along the Ligurian coast (comprised between 43847 0 4 00 N, 7831 0 49 00 E and 4482 0 45 00 N, 1081 0 5 00 E) between 2007 and 2014. Species included: striped dolphin (n¼49, 59%); common bottlenose dolphin (n¼10, 12%); longfinned pilot whale (n¼5, 6%); Cuvier's beaked whale (n¼4, 5%); fin whale (n¼3, 4%); Risso's dolphin (n¼1, 1%); and sperm whale (n¼1, 1%). Identification to the species level could not be done for 10 carcasses (12%).
Forty-nine of these animals were examined and necropsied according to standard protocols and classified as fresh (Code 2), moderately decomposed (Code 3), advanced stage decomposition (Code 4), or as mummified/skeletal remains (Code 5), based on the state of preservation of the carcass (Geraci and Lounsbury 2005) . Species identification was based on anatomical parameters, when the preservation of the carcass so allowed, or a biomolecular approach (Verma and Singh 2003) in cases of postmortem autolysis. Three age categories, as estimated from the total length of the striped dolphin specimens, were defined: newborns/calves (,150 cm), juveniles/ subadults (150-190 cm) , and adults (.190 cm; Di-Mé glio et al. 1996) . Nutritional status was defined as good, moderate, or poor, as derived from anatomical parameters, including evaluation of epaxial muscle trophism, presence of certain prominent bones, and blubber thickness (Pugliares et al. 2007 ).
Organ and tissue samples were collected at necropsy and divided into two aliquots: one was kept frozen at À20 C for microbiological investigations and at À80 C for biomolecular tests, and the other was preserved in 10% buffered formalin for histopathological and immunohistochemical (IHC) analyses. Another aliquot was collected for deposit in the Mediterranean Marine Mammals Tissue Bank of the University of Padua, for future research purposes.
The tissue samples of all major organs and lesions from code 2 or code 3 carcasses, once fixed in formalin, were embedded in paraffin, sectioned at 4 lm, stained with H&E, and examined under a light microscope. Selected sections from target tissues with lesions compatible with morbillivirus and T. gondii infections were submitted to IHC against the two pathogens (Di Guardo et al. 2010; Casalone et al. 2014) . Biomolecular analyses against DMV (Raga et al. 2008; Di Guardo et al. 2010; Casalone et al. 2014) , adenovirus (Allard et al. 2001), herpesvirus (HV; VanDevanter et al. 1996) , T. gondii (Vitale et al. 2013) , Brucella spp. (Baily et al. 2013) , and Photobacterium damselae subsp. damselae (Amagliani et al. 2009 ) were performed mainly on tissue samples of the brain, lung, liver, spleen, kidney, intestine, skeletal muscle, and lymph nodes (prescapular, lungassociated, and/or mesenteric) from animals prioritized from codes from 2 to 4. Culture was routinely attempted on, at least, brain, lung, liver, spleen, and lymph node (prescapular and lungassociated) samples from animals prioritized from codes from 2 to 3. Routine microbiological procedures to isolate bacterial agents were carried out by aseptically streaking tissue specimens over solid media including blood agar, followed by aerobic incubation at 37 C. Identification was obtained by morphological and biochemical characterization of the isolates. Serological investigations against the three pathogens morbillivirus, T. gondii, and Brucella spp. were carried out on appropriate blood serum samples (Profeta et al. 2015) . Macroparasites were collected, stored in 70% ethanol, morphologically studied by light microscopy and stereomicroscopy, and classified to the genus level according to established morphological characteristics (Anderson 1978; Khalil et al. 1994) .
When decomposition, scavenger damage, predation, and logistic factors so allowed, the likely cause of death was determined as being of anthropogenic or natural (i.e., nonanthropogenic) origin. An anthropogenic origin cause of death was assigned when signs of human interaction present on the carcass matched the criteria proposed by Moore et al. (2013) . Causes of natural origin were categorized according to nutritional status (good or moderate/poor; Arbelo et al. 2013 ) and then further subcategorized as infectious (viral, bacterial, fungal, protozoan, parasitic) , noninfectious (other causes, such as traumatic injury associated with a preexisting disease, and metabolic or degenerative disorders), or mixed (consisting of a combination of the two aforementioned origins). When the causative agent of infection could not be identified, its probable identity was hypothesized according to lesion features.
RESULTS
The average number of stranded cetaceans during the 2007-14 period was 1065.78 per yr. The stranding rate was the same across seasons, except for striped dolphin calves that beached most often in spring and summer.
The 49 necropsied specimens belonged to the species: striped dolphin (n¼38), common bottlenose dolphin (n¼7), long-finned pilot whale (n¼2), and fin whale (n¼2; Fig. 1 ).
Age estimation by total length in all striped dolphins indicated that 23 were adults (five male, 12 female, six unknown), seven juveniles (two male, three female, two unknown), and eight newborns/calves (four male, four female). The nutritional status in 34 specimens was categorized as good (19/34) or moderate/ poor (15/34) and could not be evaluated in 15 carcasses owing to advanced postmortem autolysis.
The degree of postmortem changes ranged from moderate to advanced, in the majority of the carcasses (34/49, 69%), and did not allow for detailed pathological examination in many cases. The likely cause of death was determined in 33/49 (67%) of the necropsied cetaceans and could not be determined in the remaining 16 (33%) due to the lack of substantial data. Table 1 summarizes the results and the final diagnosis, detailing anthropogenic and natural causes of death. Supplementary Tables S1-S3 present the characteristics of the animals, the main pathological findings, and the pathogens detected.
Anthropogenic causes of death
External signs of injury or contusions involving the internal organs/structures and resulting from anthropogenic activity were observed in four striped dolphins (8% of the animals necropsied), which also showed good nutritional status and evidence of recent feeding (Table 1 and Supplementary Table  S1 ). The cause of death was linked to interaction with fishing activities in all the four animals, as indicated by the presence of traumatic lesions (e.g., fresh linear skin lesions and net marks, tail amputation by fishermen, linear cuts extending from the pectoral fins to the anus, and evident signs of blunt trauma). Frequently noted were mild inflammation and parasitic infestations in several organs and tissues, ascribable to Halocerchus lagenorhynchi, Phyllobothrium delphini, and Monorygma grimaldi. Three of the four animals were calves.
Natural causes of death
The cause of death was attributed to a natural origin (infectious, noninfectious, or mixed) in 29/49 specimens (59%). The results are summarized in Table 1 and Supplementary Tables S2 and S3. One striped dolphin tested positive for morbillivirus and five striped dolphins tested positive against T. gondii on IHC analysis. Biomolecular analyses showed positivity against DMV in tissue samples from two striped dolphins and against T. gondii from seven striped dolphins and one common bottlenose dolphin. Microbiological examinations revealed P. damselae sub. damselae in tissue samples from three striped dolphins, one common bottlenose dolphin, and one fin whale, and Corynebacterium spp. was recovered from one striped dolphin, and Escherichia coli from one common bottlenose dolphin. Coinfection with these pathogens was found in three animals (DMV and T. gondii in one striped dolphin, T. gondii and P. damselae sub. damselae in another striped dolphin, and T. gondii and E. coli in one common bottlenose dolphin). Serological testing was positive for morbillivirus in serum samples from four striped dolphins, two common bottlenose dolphins, one fin whale, and one long-finned pilot whale at titers ranging from 1:4 to 1:32. Anti-T. gondii antibodies were detected in seven striped dolphins and in one common bottlenose dolphin at titers up to 1:2,560. Antibodies against both pathogens were detected in two striped dolphins and one common bottlenose dolphin, whereas antibodies against Brucella spp. were not detected in any serum sample. Poor nutritional status, accompanied by subacute/chronic severe lesions, and considered to be ultimately responsible for the deaths and/or strandings, was observed in 14/49 (29%) necropsied animals. Good nutritional status, with severe acute/hyperacute lesions generally involving the vital organs and probably resulting in rapid death, was observed in 15/49 animals (31%). The deaths of two newborn striped dolphins, both with negative lung floatation tests, were most likely related to perinatal problems.
DISCUSSION
There has been only one report on cetaceans found stranded in the Pelagos Sanctuary (Di Guardo et al. 1995) . Our results contribute to understanding the multiple factors involved in the strandings and deaths of cetaceans in a marine protected area. Contrary to previous studies (Arbelo et al. 2013) , we found no differences in stranding rates throughout the year, except for striped dolphin calves which beached most often during spring and summer months. Because it is often difficult to establish the actual cause of death in stranded marine animals due to the numerous factors that can interact, we categorized the likely causes of death or stranding on the basis of prominent findings observed at necropsy and the results of histopathology and ancillary testing.
Anthropogenic causes of death
All the animals in this category died due to interactions with fishing activities: sudden death secondary to serious injury inflicted by fishermen (Arbelo et al. 2013) or accidental capture (Table 1 and Supplementary Table  S1 ). The percentage of animals in this category (8%) was far lower than the previously reported rates of 17% for Italy in the period 1995 -2005 (Di Guardo et al. 2015 , 12% for the UK (Kuiken 1994) , and 15% for North Carolina (McFee et al. 2009 ). This difference could be because driftnet fishing is no longer used in the Ligurian Sea, thus leading to a dramatic reduction in interactions with fishing gear as compared to other periods of time or to other geographical areas (Spencer et al. 2000 ). An alternative explanation for the observed difference is that only animals lacking severe pathological conditions were included in this category. The high percentage of calves involved confirmed that juvenile dolphins are thought to be at higher risk for human-induced injury due to their intrinsic curiosity and lack of experience with avoiding fishing gear (Reynolds et al. 2000; McFee et al. 2009 ). We found no difference in stranding rate in relation to sex, as reported elsewhere (Brown et al. 2014) , although this could also have been due to the limited number of cases diagnosed in this study.
Natural causes of death
The leading cause of mortality (59%) was pathological disorders (Table 1 and Supplementary Tables S2, S3 ), and will be discussed in detail in the upcoming text, with the results associated with poor and good nutritional status.
Pathology associated with poor nutritional status: Most of the pathological findings we observed in the fourteen animals that had died of natural causes associated with loss of nutritional status were related to parasitic infections that caused subacute or chronic lesions (Table 1 and Supplementary Table  S2 ). Although three animals showed evident signs of trauma, an anthropogenic injury was considered as being consequent to preexisting disease rather than as the primary cause of death (Moore et al. 2013) .
Central nervous system lesions were observed in eight animals, in four of which NS meningoencephalitis was related to specific causative agents. Dolphin morbillivirus, responsible for at least four lethal disease outbreaks in cetaceans from the Mediterranean since 1990 (Di Guardo and Mazzariol 2013), was detected and associated with T. gondii infection. This protozoan probably played a primary etiologic role in the development of severe chronic meningoencephalitis and the cause of death in three cases as described elsewhere (Di Guardo et al. 2010) . Although the high prevalence of this protozoan suggests its role as a secondary pathogen co-occurring with other immunosuppressive agents, T. gondii is believed to be a serious threat to cetacean health and conservation, as previously observed in several striped dolphins found stranded along the Ligurian coast (Di Guardo et al. 2010) .
The serious lesions observed in four animals associated with trematodes of the genus Campula, known to affect the liver and pancreas (Dailey and Stroud 1978; Jaber et al. 2004 ) and lead to organ failure, might have been responsible for the weakened health condition in these animals and the cause of their stranding.
An interesting finding was an intraluminal obstructive infection with Crassicauda spp., associated with severe nephropathy and severe mesenteric arterial lesions in the only fin whale examined. This parasite is known to infect the body tissues of both whales and dolphins (Jabbar et al. 2015) and to cause severe systemic disease in large baleen whales (Lambertsen 1985) .
Nematode infections (H. lagenorhynchi, Skrjabinalius guevarai), a common finding in small cetaceans (Cowan 2002) , were detected in five animals, associated with mild-to-severe verminous pneumonia. As described elsewhere (Guimarães et al. 2015) , the infections were complicated by secondary bacterial infections in some cases.
Parasites, especially those of the gastrointestinal and respiratory systems, can evolve with their hosts and, under normal circumstances, do not cause any observable clinical signs or tissue lesions; however, they can become destructive in immunologically or physically debilitated animals (Raga et al. 2002) . Such infections can predispose to bacterial infection, as observed at postmortem examination. While not necessarily the primary cause of death, they can contribute to worsening of concurrent illness. In several of the animals we examined, infection with P. damselae subsp. damselae was often associated with other infectious lesions. Although this bacterium is reported to be highly pathogenic for laboratory mammals under experimental conditions (Rivas et al. 2013) , with little being known about its pathogenic significance in free-ranging cetaceans (Casalone et al. 2014) , we believe it played a largely opportunistic role. Some doubt in regard to this interpretation might arise from the hemorrhagic lesions we observed in the lungs of one striped dolphin, given the hemolytic behavior described for this pathogen (Rivas et al. 2013) . Different is the case of another striped dolphin, where septicemia caused by Corynebacterium spp., already described in aquatic mammals (Dunn et al. 2001) , is believed to be the reason for stranding of this animal.
A more unusual diagnosis was a single case of adrenocortical adenoma in a striped dolphin. This case represents an important contribution to the study of neoplasia in marine mammals, because few adrenal neoplasms have been reported in cetaceans to date (Geraci et al. 1987; Lair et al. 1998; McFee et al. 2009 ). The low prevalence of neoplasia we observed is shared by previous studies on stranded cetaceans, except for the cases described in the beluga whale population of the St. Lawrence River estuary (Newman and Smith 2006) . Another finding of interest was an aneurysm of the right sinus of Valsalva in one striped dolphin, which might have contributed to the stranding of the animal, as described elsewhere (Scaglione et al. 2013) .
Pathology associated with good nutritional status: The cause of death in fifteen animals that had died of natural causes despite their good nutritional status was attributed to infections in five cases, a noninfectious origin in four, and a combination of both in six (Table 1 and Supplementary Table S3 ). Although death likely resulted from physical trauma in four animals, it is also plausible that moderate-to-severe pathological lesions mainly involving the brain found at postmortem examination could have predisposed these animals to traumatic injury.
Encephalitis, a highly plausible cause of death in cetaceans, was frequently observed in our study. Dolphin morbillivirus, HV, T. gondii, and Brucella ceti are the main etiological agents described in cases of NS meningoencephalitis in stranded cetaceans (Sierra et al. 2014) . Neither HV nor Brucella spp. were detected, but NS meningoencephalitis caused by infection with either DMV or T. gondii, was observed in three cases.
Pleuritis and/or pneumonia, mostly of bacterial origin and associated with parasitic infections, were commonly observed, as reported elsewhere (McFee et al. 2009; Arbelo et al. 2013) . The diagnosed septicemia caused by E. coli was an interesting finding, given that E. coli infections have been mainly described in pinnipeds (Howard et al. 1983; Cowan 2002) . Adenovirus was detected in one animal in the absence of related lesions, and confirmed the lack of correlation between presence of the virus and disease, as reported in a previous study (Rubio-Guerri et al. 2015) .
Metabolic disorders involving postrenal urinary obstruction and degenerative heart disorders were found. Some of these lesions have been described by Scaglione et al. (2013) , who also underscored the scanty knowledge about heart disease in cetaceans and the need to study them more carefully by comparing similarities and differences in relation to land mammals and humans and to evaluate the possible effects of specific infectious diseases on cardiac development and embryogenesis.
Finally, congestive-hemorrhagic lesions observed in two newborn striped dolphins suggested to be an indicator of fetal suffering, as reported by other authors (Caswell and Williams 2007) . Also, maternal separation and nursing difficulties after calving should be considered predisposing factors for neonatal death.
The use of standardized of postmortem examination protocols and diagnostic laboratory investigations enabled us to obtain comparable results that we could apply for a more accurate determination of the causes of stranding and death in these cetaceans. Furthermore, because disease was the leading cause of mortality, disease surveillance protocols need to be continued and reinforced. In our view, they should be a primary focus of marine mammal science and supported by enhanced laboratory efforts to better identify specific pathogens. Additional information derived from the analysis of environmental contaminants and systematic aging estimation would have facilitated more conclusive determination of the cause of mortality in this study.
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